are well received by Hispanic groups, 10, 11 and several have been designed and implemented with the aim of improving glycemic control, [11] [12] [13] [14] increasing diabetes knowledge and self-efficacy, [15] [16] [17] or both. [18] [19] [20] Nonetheless, few diabetes education studies have adequately characterized and addressed the dietary intake patterns of disadvantaged Hispanics. Assessing dietary patterns in Hispanics with diabetes is increasingly relevant given the documented protective effects that nutrients such as docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) have against cardiovascular disease. [21] [22] [23] Mexican American adult estimates for DHA and EPA intake vary: according to 2002 dietary intake estimates, 24 0.04 to 0.08 g per day for DHA and 0.02 to 0.04 g per day for EPA; according to 2008 dietary intake estimates, 25 0.05 g per day for EPA and 0.09 g per day for DHA. As with other dietary intake trends, higher education and acculturation have been associated with higher intakes of DHA and EPA. 26 Recent comparisons report lower omega-3 fatty acid consumption in Hispanics when compared to non-Hispanic whites and African Americans. 27, 28 In light of the projected Hispanic population growth and because alarming diabetes health disparities continue to exist, it is imperative to design effective, culturally competent diabetes intervention programs that address the lifestyle habits that are at the core of the diabetes and obesity epidemics in Hispanics. The purpose of this study was to assess the dietary intake habits of Mexican American Hispanic adults participating in the En Balance diabetes education program. The program objectives are to improve glycemic control, change dietary habits, and increase physical activity in underserved San Bernardino County Hispanics with type 2 diabetes.
Methods

Sample and Setting
A total of 39 Hispanic adults between 25 and 75 years of age with self-reported type 2 diabetes completed this 3-month intervention study. The Southern California En Balance participants were all San Bernardino and Riverside county residents. Program recruitment efforts specifically targeted Hispanic disadvantaged adults with type 2 diabetes by posting recruitment flyers in local grocery stores and by publishing a program hotline in newspaper articles, as well as through announcements in a Spanish radio station and through physician referrals from local medical clinics. The participants were initially screened through telephone interviews and excluded if they had a previous clinical history of drug or alcohol abuse, steroid use, and psychological or other major systemic disease that could affect program compliance, such as end-stage renal disease. The participants were also interviewed in person by a research staff member to determine diabetes history, medication use, and diet and physical activity habits. The En Balance program was conducted in 2 phases: 26 participants finished the program in the first phase and 13 finished in the second. Of the original 46 participants enrolled, 39 completed the En Balance diabetes education program. The participants that dropped out of the program did so for different reasons: 2 traveled out of the country during the most active part of the program; another 2 experienced changes in their work schedules, which could not accommodate the program meetings; another was diagnosed with a serious liver disease; and the last 2 stopped coming to the program meetings. All participants agreed to and signed a Health Insurance Portability and Accountability Actcompliant informed consent form. The study was approved by the Loma Linda University Institutional Review Board.
Data Collection
Baseline and 3-month data collection included fasting blood serum samples; bioelectrical impedance analysis; anthropometric measurements for weight, height, and waist and hip circumferences; and dual-energy X-ray absorptiometry (Hologic Fan Beam, Discovery A Software Version, Hologic Inc, Bedford, MA) values for all 39 participants. Blood serum samples were tested at the Loma Linda University Medical Center laboratory to determine fasting blood glucose, A1C, insulin, and lipid profiles (high-density lipoprotein [HDL], low-density lipoprotein [LDL], total cholesterol, and triglycerides). All anthropometric measurements were taken twice for reliability, using Lohman's standardized techniques. 29 Weight and height were assessed using a balance scale (Detecto, Web City, Missouri) and a wall-mounted stadiometer (Holtain Ltd Crymych, Dyfed, England), respectively. The validated University of Arizona Southwest Food Frequency Questionnaire 30 was administered to the En Balance participants during organized questionnaire clinics. All dietary intake records were analyzed using the Metabolize Nutrient Analysis System 2.5. 31
The En Balance Diabetes Education Program Approach
The En Balance approach has been described elsewhere. 32, 33 Briefly, the En Balance Diabetes Education Program is a hands-on, culturally competent diabetes education program for Hispanics. After baseline data collection, the study participants attended a comprehensive diabetes education program hosted at the Loma Linda University School of Public Health. Hispanic professionals (registered dieticians, dentists, physical therapists, and nurses) conducted all classes in Spanish. Clinics were scheduled on Sundays, and classes on weekday evenings, to accommodate participants' work schedules. Research staff also arranged transportation for participants who were otherwise unable to make the clinic or class appointments. The diabetes education program consisted of four 2-hour presentations. The En Balance participants were taught how to self-monitor their glucose levels and record their blood glucose levels in a log. All participants received free glucose monitors, strips, and lancets. Nutrition topics were taught using a handson, culturally relevant approach using food models and comparable hand measurements. Recommendations for changes in diet focused on smaller portion sizes and choosing healthier alternatives within culturally specific food groups, rather than forgoing traditional dishes.
Data Analysis
Statistical analyses were performed using SPSS 17.0. Power calculations suggested that 44 participants were necessary to have at least 80% power to detect a 13% decrease in fasting blood glucose. However, the effective power was reduced to 75% based on the 39 participants who completed the program. Type 1 error was set at α = .05 for statistical significance. In this experimental design, the participants are their own controls. Pairedsamples t tests, independent-samples t test, and Wilcoxon signed-rank tests were used to compare baseline and 3-month means; χ 2 was used to compare categorical data. The data are shown as mean ± SD. Spearman's correlation coefficient was used to determine the linear relationship between blood serum changes and dietary changes.
Results
Overall, the mean age of the participant group was 53.95 ± 11.21 years; the mean weight was 81.62 ± 17.66 Height and body mass index were significantly different between men and women (see Table 1 ); the difference in their height largely accounts for the difference in their body mass index. About 48.7% of the participants had less than a high school education, and the majority completed their education outside of the United States. The group of 39 participants had an average baseline fasting blood glucose of 167.9 mg/dL, a baseline A1C mean of 8.5%, and an insulin mean of 13.7 uU/mL ( Table 2 ). The participants made positive clinical improvements in all three blood glucose management markers. At 3 months, the A1C mean decreased (−0.894%, P = .008) and the insulin mean increased 3.01 uU/mL (P = .05) for the group. Total, LDL, and HDL cholesterol means decreased 13.43 mg/dL (P = .005), 10.28 mg/dL (P = .030), and 2.84 mg/dL (P = .012), respectively. Body weight and body mass index means did not change appreciably from baseline to 3 months. Table 3 summarizes changes in food frequency questionnaire dietary intake values at the end of the En Balance Diabetes Education Program. Eight food frequency questionnaire records were excluded from the nutrient intake statistical analyses because they underestimated total nutrient intake (ie, energy estimates fell under 1000 kcal) or because they overestimated dietary intake (ie, energy estimates exceeded 5000 kcal) and were inconsistent with age, occupation, and body mass index. Subsequent dietary intake analyses were performed with the data from the remaining 31 participants. The group consistently decreased overall dietary intake by the end of the 3-month program. The group decreased its mean intake of protein (P = .058) and dietary cholesterol (P = .033) in line with the total decrease in energy intake (see Table 3 ). Although not statistically significant, the group means for carbohydrates, energy, and saturated fat decreased (see Table 3 ). Table 4 displays the dietary fat intake profile for the En Balance participants at baseline and 3 months, by sex and as compared to recommended national guidelines. 34 Total fat intake was high for both men and women at baseline when compared to the acceptable macronutrient distribution range (see Figure 1 ). 35 At 3 months, men's and women's mean total fat intake fell within recommended guidelines (see Table 4 and Figure 1 ). Saturated fat intake was high for men and women at baseline, but men decreased their mean intake as a group and achieved normal mean intake levels at 3 months. Linoleic and α-linolenic acid intake varied between men and women (see Figure 2 ). DHA and EPA mean intake was low for the men and women of the program when compared to the adequate intake recommendations set forth by the Workshop on the Essentiality of and Recommended Dietary Intakes for Omega-6 and Omega-3 Fatty Acids (see Figure 3 ). 36 Only the En Balance men were well within the recommended guideline to consume less than 10% of calories from saturated fat. Table 5 summarizes the En Balance participant antioxidant intake profile. In general, the antioxidant intake for this group was well above the dietary reference intakes for both sexes, with the exception of vitamin E. Intake of vitamin E was lower than the Dietary Reference Intake recommendations for both sexes at baseline, and it was particularly low at 3 months (see Table 5 ). 35 Both sexes decreased their overall antioxidant mean intake, except that men increased vitamin A and beta carotene intake at 3 months. The 3-month mean increase in vitamin A and beta carotene observed in the En Balance male group was due to 2 influential outliers. Only the vitamin C decrease in women was statistically significant from baseline to 3 months (see Table 5 ). Table 6 summarizes selected correlations between changes in blood serum values and dietary intake variables at 3 months. At the end of the 3-month En Balance diabetes education program, changes (ie, 3 months minus baseline) in serum A1C were positively correlated to changes in percentage calories from saturated fat (P = .036). Changes in serum total cholesterol values were negatively correlated to changes in calcium, phosphorus, zinc, vitamin A, and vitamin C intake. Likewise, changes in serum LDL cholesterol were negatively correlated to changes in calcium, phosphorus, zinc, vitamin A, vitamin C and arachidonic acid intake, as well as energy, linolenic acid, and arachidonic acid intake (see Table 6 ). 
Discussion The En Balance Effect on Glycemic Control and Body Composition
The participants of the En Balance Diabetes Education Program were able to improve glycemic control and serum lipid management levels. Although the decrease in fasting blood glucose from baseline to 3 months was not statistically significant (mainly due to power considerations), the decrease was clinically important. As a group, the participants were able to lower total cholesterol and LDL cholesterol. HDL cholesterol also decreased, due to the overall total cholesterol decrease, but this HDL decrease was relatively small. The participants did not improve in mean triglyceride levels. This finding is consistent with what the American Diabetes Association calls "the most common pattern of dyslipidemia in type 2 diabetes patients": elevated triglyceride levels and decreased HDL cholesterol levels. 37 According to the American Diabetes Association, the initial therapy for elevated triglyceride levels is better glycemic control.
The En Balance Diabetes Education Program approach was effective in accomplishing similar clinical improvements in a previous Hispanic participant group (n, 34). 32 Note, however, that the En Balance participants (n, 38) did not lose weight at the end of the 3-month program. In the CoDE program (ie, the Community Diabetes Education program) for Mexican Americans, body mass index did not significantly change from baseline to 12 months in spite of significant improvements in A1C at 12 months. 14 In another diabetes intervention tailored for Mexican Americans, significant weight loss was not necessarily associated with significant A1C decreases. 20 Cultural competency is a term that has been used to define diabetes education programs that provide interventions that are accessible to the community and reflect the cultural characteristics and preferences of that community. 18 Brown et al documented similar glycemic management success using a culturally competent diabetes education program for Mexican Americans along the Texas-Mexico border. 13, 15, 16, 18 Although the En Balance participant group (n, 39 for clinical data) was smaller than the group sample in the Starr County study (n, 256), En Balance participants experienced similar significant improvements in A1C levels. 18 They successfully improved glycemic control in a 3-month interval with only 8 hours of diabetes education, whereas the Starr County intervention required 52 contact hours. 18 Culica et al found that A1C was significantly reduced (P < .01) in patients who participated in a low-cost, culturally appropriate 12-month CoDE intervention that targets Mexican Americans. 14 
Food Frequency Questionnaire Use in Hispanics
Although other culturally competent diabetes education programs have reported positive clinical changes, En Balance is one of the first, to our knowledge, to report detailed changes in dietary intake and lifestyle habits. The survey instrument used, the University of Arizona Southwest Food Frequency Questionnaire, was validated for a Hispanic population in Arizona; it is an adaptation of the Arizona Food Frequency Questionnaire, 30, 38 which is a version of the Health Habits and History Questionnaire, developed at the National Cancer Institute. 38 The questionnaire contains foods common in the Southwest region of the United States, and it is printed in Spanish with English translation. The complete adult questionnaire includes a list of about 159 foods, and it asks for frequency and portion size (in small, medium, and large). 30 The Arizona Food Frequency Questionnaire and the Southwest Food Frequency Questionnaire have been used in other studies. 39, 40 The use of food frequency questionnaires in minority populations warrants special attention. [41] [42] [43] The Southwest Food Frequency Questionnaire has been validated in a mainly Mexican American Hispanic group; it lists commonly consumed Mexican foods; and it reports disattenuated correlations that range from r = .55 for energy means to r = .68 for protein. 30 Due to the overall low literacy of the participants and the length of the questionnaire, special clinics were organized to administer the questionnaire by interview. Validation of food frequency questionnaires and low literacy among disadvantaged Hispanics are well-documented concerns that can be addressed by administering questionnaires through interview. [43] [44] [45] Eight of 39 En Balance participants still did not accurately estimate food intake, and their records were excluded from the nutritional analyses.
Nutritional Intake Patterns in Mexican Americans
The baseline nutritional profile of the En Balance participants characterizes an overall group diet that is high calorie, high fat, high cholesterol, and high sodium (see Table 3 ). However, this group of En Balance participants consumed higher-than-recommended levels of fiber and certain antioxidants, such as vitamin C, vitamin A, and selenium (see Tables 3 and 5) , and the mean intakes for these antioxidants remained within the recommended values at 3 months. 35 The group made clinically important nutritional intake decreases in the major macronutrients: energy in total calories, carbohydrates, protein, total fat, dietary cholesterol, and saturated fat (see Table 3 ). Of these mean decreases, only total fat (P = .045) and dietary cholesterol (P = .033) were statistically significant, but more important, the decreases measured at 3 months bring the group mean intake of total fat and cholesterol within recommended ranges. 35 Other researchers who have attempted to characterize the Mexican American diet have found that, traditionally, it is characterized by a high intake of fiber as well as cholesterol and a greater proportion of energy from fat. 46, 47 If primary language and country of birth (see Table 1 ) are used as a proxy for acculturation in the En Balance group, then the fiber and vitamin A baseline and 3-month intakes support previous findings that Mexican Americans born in Mexico and those that are less acculturated consume more fiber and higher levels of vitamin A. [48] [49] [50] However, choosing a healthier traditional Mexican diet may be confounded by the overall low literacy and low English literacy of the En Balance participants. 8, 9, 26, 51 The baseline and 3-month male and female mean intakes of vitamin E were lower than dietary reference intake recommendations but comparable to the low national estimates of intake across ethnic groups, according to data from the National Health and Nutrition Examination Survey, 2005-2006. 25, 35 Likewise, the baseline En Balance participant mean intake of sodium was much higher than the recommended adequate intake values, and it exceeded tolerable upper intake levels but was similar to the general high-sodium American diet. 25, 35 The total fat, saturated fat, and dietary cholesterol decreases at 3 months may account for the significant decreases in serum levels of LDL, HDL, and total cholesterol, despite the lack of significant weight loss in the participant group. Although the decrease in carbohydrate intake at 3 months was not statistically significant, the mean decrease of 44 g per day is roughly equivalent to a reduction of 3 starch servings or 3 corn or flour tortillas a day, according to the American Diabetes Association exchange system. 52 These results imply that the En Balance participants responded to program recommendations to decrease tortilla intake to 1 per meal. The group decrease in serum A1C probably resulted from this decrease in carbohydrate intake. Also, the positive correlation between change in A1C and change in percentage calories from saturated fat, from baseline to 3 months (see Table 6 ), suggests that those who decreased their A1C levels also decreased their intake from saturated fat. The largest percentage decreases in dietary intake, from baseline to 3 months, came from total fat (-18%), saturated fat (-17%), and dietary cholesterol (-23%) (see mean differences, Table 3 ). In comparison, carbohydrate and protein intake decreased by 13% and 15%, respectively. Notably, the group decrease in serum LDL levels at 3 months was negatively correlated with several dietary intake variables, including energy, vitamin A, vitamin E, vitamin C, linolenic, and arachidonic acid, suggesting that for those who decreased in LDL levels, intake of those nutrients increased. An increase in vitamin C intake, from baseline to 3 months, was significantly correlated to a decrease in LDL, HDL, and total cholesterol serum levels.
Fatty Acid Intake Profile
The baseline dietary intake profile of the En Balance group of type 2 diabetes participants shows a diet that exceeds the recommended intake of total fat and saturated fat. At baseline, the En Balance group mean and the means for men and women (when analyzed separately) were well above the recommended intakes according to the Dietary Guidelines for Americans that advise that total fat intake should be within 44 g to 78 g of fat and saturated fat should be less than 22 g of total intake, based on a 2000-kcal diet (see Table 3 and Figure 1 ). 34 These findings are consistent with the Action for Health in Diabetes (Look AHEAD) trial, which found that overweight adults with type 2 diabetes were consuming too much fat, saturated fat, and sodium. 53 The En Balance male mean intake of linoleic acid, already at the minimum adequate intake guideline recommendation at baseline, fell below the adequate intake guideline at 3 months, and although the male mean intake for α-linolenic acid did not change from baseline to 3 months, the mean intake reflects a lower-than-recommended intake of α-linolenic acid. 34 These findings suggest that dietary interventions should be tailored for male Hispanics who might be consuming low intakes of polyunsaturated fatty acids. The overall En Balance group mean intake of DHA and EPA is alarmingly low (about 108 mg and 38 mg per day, respectively). Furthermore, the male mean intake of DHA and EPA was lower than that of females at baseline (about 70 mg and 30 mg per day vs 120 mg and 40 mg per day). En Balance men increased DHA intake, and women decreased DHA intake at 3 months. Low intakes of omega-3 fatty acids in Hispanics were also reported by the Action for Health in Diabetes (Look AHEAD) study, where Hispanics had a combined DHA + EPA intake of 152 mg per day. 28 Dietary recommendations for DHA and EPA are not well established. In 1999, the Workshop on the Essentiality of and Recommended Dietary Intakes for Omega-6 and Omega-3 Fatty Acids made recommendations for adequate intake for adults-namely, a DHA + EPA intake of 0.65 g per day; DHA, at least 0.22 g per day; and EPA, at least 0.22 g per day. 36 The En Balance mean intakes are compared to those recommendations. According to the Dietary Guidelines for Americans, the range of DHA + EPA intake that results in the lowest risk of the coronary events is 246 mg per day to 919 mg per day, which roughly translates to a recommendation of 2 servings of fish high in omega-3 fatty acids per week. 34 Others who have reviewed the scientific evidence suggest that a therapeutically protective intake should be between 250 mg and 500 mg per day of DHA + EPA. 54, 55 In a 2007 position statement, the American Dietetic Association and the Dieticians of Canada recommended a weekly intake of 8 oz (227 g) of fatty fish, or about 500 mg of DHA + EPA per day. 56 To date, no dietary reference intakes have been nationally established. 57 Even by the most conservative recommendations for cardiovascular disease protection, the En Balance group of Hispanic participants with type 2 diabetes was consuming very low intakes of DHA and EPA at baseline. The men of this group were at high risk for nutritional deficiencies due to their already low α-linolenic acid intake and the demonstrated low conversion of α-linolenic acid to DHA or EPA. A high-calorie, high-fat, highcholesterol and high-sodium diet, and low DHA and EPA intakes-coupled with uncontrolled diabetes, obesity, and uninsured status-makes this group of disadvantaged adults with type 2 diabetes particularly vulnerable to diabetic complications and cardiovascular disease.
Yet the En Balance results demonstrate that Hispanic adults with type 2 diabetes can make significant clinical improvements in glycemic control, serum lipid profiles, and dietary intake as part of a culturally competent diabetes education program that uses few health care resources.
Study Limitations
The En Balance Diabetes Education Program study had several limitations. First, the results may not apply to the population at large, due to the small sample size and convenience sampling method and because only Hispanics were chosen for the program. Second, the program followed the participants for only 3 months, and it is not clear if the positive clinical and dietary changes were sustained beyond then. Finally, dietary intake was assessed via a food frequency questionnaire that was validated for use in this population but is not free from response bias and errors in estimating dietary intake.
Conclusion
The culturally competent and language-sensitive En Balance Diabetes Education Program was able to improve glycemic control and lipid profiles in a group of Hispanic participants with type 2 diabetes. En Balance also promoted decreases in dietary fat and dietary cholesterol intake, which could prevent future diabetic complications or comorbid conditions in this group of disadvantaged diabetic adults. More studies and a longer follow-up are needed to see if Hispanic adults with type 2 diabetes can make lasting lifestyle changes in their dietary intake habits.
Implications for Diabetes Educators
A culturally relevant approach to diabetes education may lead to meaningful decreases in dietary fat and cholesterol intake when Hispanic adults with type 2 diabetes are taught to focus on smaller portion sizes and healthier choices within culturally specific food groups. Dietary interventions should address the low DHA and EPA intakes prevalent in this population group, by stressing consumption of a variety of culturally sensitive food choices that include walnuts, almonds, and fatty fish, such as salmon, tuna, and sardines.
